A GREAT deal has been written of late on the measurement of bloodpressure, and a considerable amount of reliance is now placed upon the instrument recommended by Martin-an air-bag 10 cm. to 12 cm. wide, forming a band round the arm, and distended by a rubber air-pump in connexion with a mercury manometer. So far as we know, no direct experiments have been made to show the influence of the vessel wall in resisting the external pressure of the arm-bag and thereby increasing the mercury reading. Von Basch states that the resistance of the empty radial only varies betweena1 mm. and 5 mm. of mercury. Potain does not seem to have experimented with arteries removed from the body, but he thinks the resistance of the wall is inconsiderable.
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At the suggestion of Sir Clifford Allbutt, we began a series of experiments on arteries removed from dead male bodies. In various cases the common carotid, the external iliac, and the brachial were tested. The method adopted was the following:-
The artery AA (see fig.) , about 2 in. to 3 in. in length, was tied at its ends to two pieces' of glass tubing, and placed in the interior of an outer glass tube BC, held horizontally .by two supports. Through the artery a stream of water was made to flow from a reservoir at a higher level (not shown in the sketch), a pinchcock being applied at the further end, D, ' From the Physics Laboratory of St. Bartholomew's Hospital. D-14 of the glass tube, and tightened up so that the stream of water flowing through the artery issued slowly, drop by drop. (This pinchcock is unnecessary, and was afterwards omitted.) The internal pressure forcing the water through the artery was measured by means of a mercury gauge E, and was throughout the experiments maintained at 93 mm. of mercury, or 1,365 mm. of water, i.e., about one-eighth of an atmosphere. (To this a small correction, 3 mm. of mercury, may be added, due to the narrowness of the tube E.) Pressure was then applied externally to the artery by means of the column of mercury FG, there being water above G in contact with the external surface of the artery. The height of the column at F is capable of variation by the glass tube sliding in a vertical groove. The external pressure was then steadily increased by raising F until the flow of water through the artery ceased; and the external pressure necessary to occlude the flow was read off on the vertical scale H. In the case of the brachial the small muscular branches given off had to be found and tied, so as to render the artery water-tight. The carotid and iliac have no such branches.
In the forty-nine cases on p. 40 we tested the brachial artery thirtysix times, and in five cases both brachials were tested. Nine cases were under 30 years of age, and seven of these were tested. In one both brachials were tested. The average obliterating pressure in six cases was 9.5 mm. Hg. One case (No. 8) of heart disease was exceptional, and required a pressure of 33 mm. If this be included the average was 12'5 mm. Eight cases were under 40 years of age, and five of these were tested.
In one both brachials were tested. The average obliterating pressure was 18'8 mm. Thirteen cases were under 50 years of age, and ten of these were tested. In one both brachials were tested. The average obliterating pressure of ten arteries was 13'9 mm. The exceptional case (No. 27), a case of gastric ulcer, required a pressure of 31 mm. If this be included the average was 16'3 mm. Seven cases were under 60, and five of these were tested. In one both brachials were tested. The average obliterating pressure was 13'5 mm. Twelve cases were over 60, and nine of these were tested. In one both brachials were tested. The average obliterating pressure for nine arteries was 15'3 mm. The exceptional case (No. 42), a case of fractured spine, required a pressure of 34 mm.
If this be included the average was 17'2 mm.
These cases seem to show-(a) that the resistance does not vary with age; (b) that at every age exceptional cases occur; (c) that the extremes vary greatly and irregularly; and (d) that the two brachials may differ by as much as 10 mm. ,, ,, 25-6 ,, ,
These averages show a certain progression with age, but the extremes are so wide apart and so irregular that the average cannot be of much value. In others we tested the external iliacs:
Under 30 the average resistance was 18-5 mm.; extremes 4 mm. and 30 mm.
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,, ,, , 18,, ,,60 ,, ,, 20-2., ,, Over 60 , , , , 312 , , , , 15 , , 56 These averages are quite irregular and the extremes very wide. Their numbers show that as regards these two arteries-(a) there is no gradual increase of resistance with age, and (b) that the carotid and iliac, though analogous in their relation to the aorta and usually of much the same calibre, do not vary together, nor either of them with the brachial. The same conclusion will appear if the cases are examined individually. One of us happened to be at the same time examining the resistance of the carotid and external iliac to internal pressure. These experiments will be published separately, but in a few instances it is possible to compare the variation of the two resistances:- 
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It should be explained that if the two forms of resistance were correlated the expansion under internal pressure would vary inversely with the resistance to external pressure. A thin-walled or soft artery, easily obliterated, might be expected to dilate easily when pressure was applied to its internal surface. Evidently no such relation exists. We need not give the numbers for the iliacs; the same result occurs.
It might, perhaps, be expected that the disease causing death would affect the condition of the artery. No such connexion can be made out in the present series. In another series of cases, in which Dr.
Herringham and Dr. Wills tested the elasticity of the aorta,' it was found equally impossible to show anv connexion between the fatal disease and the condition of the artery.
To sum up, then, it appears that when using the sphygmomanometer we must bear in mind that the resistance of the wall of the brachial artery when removed from the body may vary from 4 mm. to 34 mm. of mercury, that the readings of the instrument represent the sum of the blood-pressure together with the resistance of the artery, and that if the resistance of the artery when out of the body corresponds at all to its resistance during life, we have as yet no clue which will enable us to analyse this total into its two component parts.
DISCUSSION.
Mr. LEONARD HILL, F.R.S., said that recently, at the London Hospital, Mr. Martin Flack and he had been carrying out a series of experiments on this subject, but by a method which they applied directly to the arteries of living man. He believed Dr. Charles Martin had carried out experiments by the same method as that of the authors, and found that the amount of pressure required to obliterate the wall was only a few millimetres of mercury. He (Mr. Hill) had carried out some experiments of the same kind, and so had Dr. Otto Grunbaum. Professor MacWilliam had carried out some very important and valuable experiments, which the authors of the present paper were perhaps not aware of: they were published some years ago in the Transactions of the Royal Society. These experiments were on arteries of bullocks and sheep obtained from the butcher. If such an artery were irritated by being beaten with the handle of a scalpel, or rubbed between the finger and thumb, it would greatly contract, and, if frozen, it relaxed. On comparing the carotid artery of one side which had been frozen with that on the other side which had been beaten with a scalpel the results showed an extraordinary difference. Mr. Hill demonstrated two pieces of the same carotid artery; one of them was 5 mm. or 6 mm. in diameter, and the other had contracted down to 2 mm. It seemed as if some pressure would be required to obliterate the wall of the contracted piece, while the other needed very little. But that was a post-mortem difference produced by irritation. The same sort of contraction occurred when an artery I Trans. Med. Chir. Soc., 1904, lxxxvii, p. 489. was torn or wounded. One had no right to assume that that kind of contraction occurred in the living artery in the body, through which blood was flowing in the normal way. Therefore, soon after he began experiments with post-mortem arteries be gave it up, and devised a means of applying his tests to living arteries. He would be glad to have the opportunity of demonstrating his methods on his laboratory assistant. In the first method two armlets were taken and one placed on each arm. The manometers were independent of one another, and the obliteration pressure had to be read simultaneously by two persons. One arm was held up and the other down, and the distance between the top of the armlets was measured. The two blood-pressures were then taken. It must be done simultaneously, with skilled observers at each wrist. The slightest psychical disturbance made considerable differences to the readings; even the turning of the head of the subject to look at the manometcr might make a difference of 10 mm. They took the obliteration pressure of the two, and the difference between them came out equal to the gravity difference of the column of blood which separated the two arteries. It was well known that an artery contracted when the pressure was raised in it and dilated when the pressure was lowered, therefore one artery ought to be more contracted than the other. If the artery wall came significantly into the reading it was very strange that the gravity difference should always come out just about right, i.e., within 1 mm. or 2 mm. of mercury. While not conclusive, it was suggestive that the arterial wall did not come into play. In the second method they found out what the obliteration pressure of the brachial artery was-suppose it were 200 mm. of mercury; the pressure in the armlet was then lowered down to 195 mm., so that the blood could just get through and distend the veins. One hundred and ninety-five millimetres of mercury was then the blocking pressure, and the blood could not get through the veins out of. the arm until it exceeded that pressure. A second armlet already placed round the forearm was raised up to over 200 mm. Hg. and a small vein was selected above the armlet small, because its valves were more efficient than those in a large vein. After stroking the vein and emptying it upwards, the pressure was quickly relaxed in the second armlet until the vein filled. It was found the vein filled at 195 mm. The venous pressure reached the blocking pressure if time enough was allowed for it to do so. Now the vein was quite a superficial thing, and no one would say that the vein could support any material part of the pressure, and thus the proof was obtained that the arterial obliteration pressure was correct within 5 mm. Hg. It was difficult to get patients with high pressures to stand this test as the blocking pressure caused so much discomfort. They had done the first, or gravity, method on a man whose systolic pressure was 232 mm., and the method came out perfectly on him. They could not do the second method on him because all his venous valves leaked backwards. They had done both methods on a man whose arteries were very much degenerated indeed-they were coated with large calcareous plaques; and by both the gravity method and the venous method the arterial pressure was proved correct. The highest pressure they had tested 44 Herringhain & Womack: Arterial Resistance by the second method and found correct was 190 mm. Hg. Another interesting point was that, when one had an arterial pressure, say, of 150 mm., and the veins blocked by 145 mm., if one pushed a hollow needle underneath the tissues of the arm and connected that with a glass tube filled with water, but containing an air-bubble index, which in its turn was connected with a mercurial manometer and a pressure bottle, they found the pressure required to just drive the liquid in under the skin and overcome what they took to be the capillary pressure was very low. For example, the liquid could be got in by a pressure of 45 mm. H20 when there was a pressure of 900 mm. of water in the artery and vein. The explanation was that there were wide passages between the arteries and veins in certain highly vascular parts through which the veins filled up, while the capillaries in other large areas got little blood owing to vasoconstriction, and distended very slowly when the arm was obstructed by a bandage. There was a condition of very high pressure in a vein, very high pressure in an artery, and very low pressure indeed in the capillary system. That, physically, seemed at first sight impossible, but physiologically it was explicable by reason of wide anastomoses between arteries and veins which histologists recognized, vaso-constriction of the arteries and the valves in the veins. The continual change of posture and muscular movement, which was a feature in one's daily habits, prevented the capillary pressure rising. Immediately the pressure in any part became uncomfortable, that part was moved. The muscles had as large a share as the heart, if not larger, in maintaining the circulation.
Dr. GEORGE OLIVER said he thought the Section was as much indebted to Mr. Leonard Hill for his demonstration as it was to the authors of the paper, and doubtless those intereste-d in scientific methods would appreciate that demonstration. There were one or two points in connexion with the method of observing and measuring the compressibility of excised arteries which occurred to him as likely to somewhat modify the results recorded in the paper. In practice one compressed 5 in. of artery, and arteries were not of uniform texture throughout such a length, the differences not being, moreover, so evident to the eye or the finger as to such a delicate instrumental test as the present one. The weakest part of the wall would give first, and he thought a longer portion of artery would be more likely to furnish such less resistant areas than a shorter one, and would therefore yield a lower range of variation for closure than the latter. He believed that this was one reason, if not the main reason, why armlets of less than the standard depth furnished higher readings of the arterial blood-pressure; he therefore held that the wide armlet now in general use not only reduced the disturbing effect of the arterial wall on the readings of the blood-pressure in all cases, but also diminished variation due to differences in the walls of individual arteries. Again, he did not think that the closing of an artery was so much a question of overcoming the general resistance of the wall as to occlude crinklings and resistant foldings. He therefore thought the final stage of closure might require much more compression than the earlier, and the extra pressure required to close up the irregularities might account for the observed differences between the two forms of resistance-internal and external. During the past few years he had been working a good deal on the variations of blood-pressure furnished by the armlet applied to different areas, e.g., the two arms, the forearm, and arm, and he had observed differences such as 10 mm., 15 mm., or 20 mm., or more, which he could only ascribe to variations in compression required to close individual arteries. His clinical observations, therefore, in a general way supported the results observed by the authors of the paper. He had observed that the differences were more marked in cases of atheroma and arteriosclerosis than in the subjects in whom arterial thickening was not apparent. In making these observations he, of course, took the greatest care to exclude the psychological element, and he regarded the different readings obtained as affording internal evidence of the disturbing effect of the arterial wall.
Sir LAUDER BRUNTON, F.R.S., said that the subject of the blood-pressure in man was of such extreme importance that anything which would help towards its more accurate understanding must be very welcome to every physician. He thought the Section was much obliged to Dr. Herringham for having brought the question forward. He (Sir Lauder) had only made one experiment in the same way as the author had done, and that he did in the laboratory of Professor Kronecker, in Berne. He took the artery from a freshly slaughtered animal and found that the amount of pressure required to obliterate it over and above the pressure inside the artery was not above 10 mm. of mercury. One thing which struck him about the experiments of the authors was the great differences in the arteries where one would not naturally expect those differences; and that led one to ask the question whether those arteries were all in the same condition of rigor mortis. On one occasion he went down to Cheapside and had a steak; it was as tough as leather, so that he could scarcely masticate it. He asked the waiter why it was, and the reply was that they had run out of their stock of beefsteak and had been obliged to send to Smithfield for some. The explanation was that in the beefsteaks ordinarily supplied rigor mortis had passed away, while in the one he ate it had not passed away. That made all the difference between a tender beefsteak and one which was practically uneatable. It seemed to him possible that differences in the amount of rigor mortis in the muscular coat of those arteries experimented upon might have had something to do with the difference in the pressure required to obliterate them. He thought that question was worth attending to, but he was sure that there was a difference in the living artery also, because he knew that in his own temporal arteries, which he was able to feel under the finger, the arteries varied enormously, being sometimes twice as wide as the normal, whilst at other parts they contracted almost to a thread when he had severe migraine. Those variations occurred in a less space than 5 in. He had little doubt that if there were alterations in the contraction of an artery and consequent variations in its calibre there would be differences in the amolnt of pressure required to obliterate it. He did not doubt that Dr. Oliver's experiments were quite correct. He had himself tested the blood-pressure in a number of patients, both with Potain's instrument and with the Riva Rocci instrument, and with the band over the arm, and he had found considerable differences in the pressure as taken at the wrist and that taken in the arm; and he had found differences of at least 20 mm. in the two arms taken at the same time. Thus his observations corroborated those of Dr. Oliver. He had made another curious observation, namely, that in the same arm one did not always find the same amount of pressure at different times during the observation. He had raised the pressure in the armlet and found that a certain amount of pressure was required to obliterate the artery; but he had found that sometimes the pressure required to raise the pulse again was not, as in Mr. Hill's experiment, only 5 mm. below what was necessary to close the artery, but was as much as 30 mm. below. He had found that if it required 150 mm. to stop the pulse at the wrist when pressure was first applied over the arm, a lower pressure seemed sufficient to abolish the pulse at the wrist a second time just as the effects of the first were passing off. He thought this might be due to contraction of the artery of the arm induced by the first pressure, and which aided the external pressure in extinguishing the pulse. He agreed with the conclusions of the authors that the readings of the instrument represented the sum of the blood-pressure, together with the resistance of the artery; but he could not agree that they had no clue which would enable them to analyse or separate that total into its two component parts, because he thought it could be analysed. He was accustomed to take the pressure in the two arms, and to take the lowest pressure in the arms, because one could not obtain with the instrument a pressure over the pressure in the artery. If one took the lowest pressure one was sure to be getting nearly the pressure which existed in the artery. Another method had suggested itself to him, namely, that one might also take the pressure in the finger by Gaertner's tonometer, and if that were done along with the other reading one was pretty sure to avoid error. Another method was that described by Mr. Hill, namely, having a differential manometer. For clinical work it was out of the question to have two skilled observers, and he thought it should be easy to arrange a differential manometer, so that one observer could record exactly the difference between the pressures on the two armlets; and that might be a practical way of obtaining that exact estimation of pressure which Mr. Hill had found by means of having two observers. He thought the Section must feel very grateful to the authors for their paper.
Mr. P. LOCKHART MUMMERY said he had done some experiments with the object of ascertaining how accurately the ordinary sphygmomanometer with a broad cuff worked as compared with the manometer tied in the artery in registering arterial blood-pressure. The animals used for the purpose' were large dogs, when they could be procured. The cuff was fixed round the animal's thigh over the femoral artery on the left side, and the femoral artery on the right side was dissected out and connected by an ordinary cannula to a mercurial manometer. The sphygmomanometer cuff was connected with the Riva Rocci manometer, the two instruments having previously been tested, so that they were known to be accurate. The artery down in the leg on the left side was then exposed so that one could be certain of the exact point at which the pulse was obliterated. A screen was placed round the manometer so that the person taking the observation could not, even unconsciously, be biased by seeing the other reading. One person was observing the pressures on the manometer connected with the artery and another took observations with the sphygmomanometer. What was found surprised him very much; the readings between the two manometers were so extraordinarily accurate that they never varied by more than a few millimetres of mercury, except once, when it was subsequently found that the cuff had slipped. For more than ten observations there was not a variation of more than 2 mm. The conclusion come to, as a result of a considerable number of observations, was that if the instruments were properly constructed and the cuff properly adapted to the limb, the sphygmomanometer gave the actual pressure in the artery correctly. The only error which they could ascertain was that due to personal observation; it was obvious that by feeling a pulse one could not get as accurate a record as by watching the manometer connected to the interior of a vessel. They could not find any error which was apparently due to resistance in the artery wall. The variations that did occur between the readings in the two manometers occurred in both directions. That is to say, sometimes the sphygmomanometer reading was the higher and sometimes the arterial manometer reading. It was obvious that this could not be the case if the error was due to resistance of the arterial wall, and this was a very strong argument against the arterial wall having any effect upon the readings. The figures obtained in these experiments were as follows: sphygmomanometer readings-108, 107, 107, 107, 110, 110, 84, 65; arterial manometer readings-110, 106, 106, 108, 108, 110, 86, 64 . Dogs of various ages were used, some of which appeared to have very thick arterial walls, yet there was nothing to show a pressure variation caused by the arterial wall. With regard to Dr. Herringham's and Dr. Womack's experiments, he could not help thinking that it was dangerous to draw conclusions from arteries which had been removed from the body and treated in the way those gentlemen had treated them. In face of Mr. Leonard Hill's methods, which proved that in a person with considerable arterial sclerosis the pressure was accurate witlhin 5 mm., he could not think that arterial sclerosis or any form of thickening of the artery could possibly make any error of a serious account in the reading, because as long as the sphygmomanometer would work and give a pressure which was within 5 mm. of mercury, that gave as near a reading as could be obtained by other clinical instruments, such as the thermometer.
Sir CLIFFORD ALLBUTT, F.R.S., said, in response to the President's invitation, that he had come to learn, and had not intended to speak. As a clinical observer he had found that those problems were so difficult that he was seeking for assistance, and was pleased when Dr. Herringham was good enough to undertake these experiments. He often took blood-pressures in both arms together; or in the case of people coming frequently, first in one arm and then in another, as might be convenient. It was not his experience that ceteris paribus there was much difference; but he never pretended to accuracy of record within 15 mm. Taking the question of a thickened artery, if in the area of one arm an artery contracted, and in this way became thicker, it might be that the artery might thus offer more resistance to the closing of it by pressure; yet this contraction in an area comparatively so small would signify a contraction down upon a less volume of content and would signify dilatation in other areas; thus the blood going into the arm would be at lower pressure, and this fall would be more than any thickened coat could amount to. The two opposite factors could not be discriminated in the total. If, however, the contraction of the artery were part of a rise of blood-pressure, the rise must be over the two arms together, and a much larger area still, involving far more than the two arms, and again would override any increase attributable to thickening of coats. What Mr. Leonard Hill said about the perpetual oscillation of the blood-pressure had struck him very strongly in private work; the pressures were always in a swim; and this made it very difficult to get true readings. For instance, a lady who had consulted him from time to time for some years, and who had a very intelligent physician at home, showed such variations very widely. Her pressures had been formerly 220 to 230, but under venesection, which had been systematically used for two or three years, her pressure had fallen substantially, so that when quietly at home her physician got exceedingly interesting evidence of reductions to 150 or so; but when the patient was at his (Sir Clifford Allbutt's) house and in her chair awaiting the record for better or for worse, up went the pressure to about 200, and he could not get it down within any time that could be given. Even in the laboratory assistants, who were accustomed to experiments and regarded them with apparent indifference, when put on to a couch and the blood-pressure taken, Dr. Dixon had shown that it followed a descending gradient for about twenty minutes, until, that is, the interest and attention had flagged. How, then, were they to make estimates of this kind with any accuracy in the course of consultation ? Some patients were more excited in the consulting-room, others less so. For such reasons as these he never attached much weight to precise figures, and was usually content with approximate estimates. With regard to Dr. MacWilliam's valuable help in those matters, when he (Sir Clifford) was working at arteries with Professor Roy, they arrived at certain well-known conclusions. Then Professor MacWilliam fired a bomb into the middle of their observations by comparing post-mortem arteries under variable conditions of rigor mortis, mode of death, and so on. From that time Dr. MacWilliam had kindly written to him occasionally on the subject, and Dr. Herringham also had taken him into his confidence; and the present attitude seemed to be that the conditions of an artery outside the body were subject to so many variables that Dr. MacWilliam did not encourage Dr. Herringham and himself to rely too much upon these results. It was not merely a question of the age of the patient, but of the particular time at which he died, and indeed of the disease of which he died. And he believed Mr. Hill also was disposed to insist upon such possible fallacies. His own impression, after many years of clinical experience, was that, within the limits possible in practice, the arterial coats counted for very little in pressure records. For instance, in the class of arterial sclerosis which he had named " decrescent," where there was not and had not been high pressure, one would find the blood-pressure low enough for the time of life. On the other hand, one would find a man with very much better arteries, but of the class he had named " hyperpietic," in which the pressures were persistently very excessive. He did not think, therefore, the arterial coats entered for much into these problems. Dr. Herringham had been kind enough to send him the arteries, or portions of them, from all the cases tested for his paper, and they were being cut in the Cambridge laboratories; so that, as Dr. Herringham desired, they would be investigated independently of the pressure records, and conclusions drawn by subsequent comparison of the schedules.
Dr. HERRINGHAM, in reply, said that during the discussion various new lights had been thrown upon the question. Professor MacWilliam's work was well known to him, and he had quoted it in his previous work on the aorta. The reason he thought he was safe in regard to the present arteries was that aortee, similarly taken from the post-mortem room and tested by the character of the curve of extension laid down by MacWilliam, showed no remaining contractility or rigidity. But in an article which appeared ten days ago in the Bri,tish Medical Journal Professor MacWilliam stated that, in smaller arteries similarly collected contractility occasionally persisted. The arteries which Mr. Leonard Hill spoke of were not to the point, as they were cut from an animal immediately after death-fresh arteries. What he now wanted to do was to take more post-mortem arteries and make sure that he had removed contraction and rigidity by relaxing them in sodium fluoride, as MacWilliam suggested, and try again. But other experiments had been quoted which, if they were accurate, seemed to do away with the pressure of the artery as a factor. He spoke of -the contribution of Mr. Mummery, which was the most important thing they had heard that evening. It seemed to be quite inexplicable, except on the basis that the artery had no effect. But he could not understand that, and at the same time receive the clinical results given by Dr. Oliver, who was a leading authority, and those of Sir Lauder Brunton. Though he did not want to say his experiments were right or those of others wrong, he was of opinion that it was necessary to continue the investigation still further. With regard to Mr. Leonard Hill's first experiment concerning the different levels, he did not think that conveyed any information as to the point in question. He did niot understand the second experiment; before he attempted to criticize it he must think it carefully over.
